Control of p70 ribosomal protein S6 kinase and acetyl-CoA carboxylase by AMP-activated protein kinase and protein phosphatases in isolated hepatocytes.
Certain amino acids, like glutamine and leucine, induce an anabolic response in liver. They activate p70 ribosomal protein S6 kinase (p70S6K) and acetyl-CoA carboxylase (ACC) involved in protein and fatty acids synthesis, respectively. In contrast, the AMP-activated protein kinase (AMPK), which senses the energy state of the cell and becomes activated under metabolic stress, inactivates by phosphorylation key enzymes in biosynthetic pathways thereby conserving ATP. In this paper, we studied the effect of AMPK activation and of protein phosphatase inhibitors, on the amino-acid-induced activation of p70S6K and ACC in hepatocytes in suspension. AMPK was activated under anoxic conditions or by incubation with 5-aminoimidazole-4-carboxyamide ribonucleoside (AICAr) or oligomycin, an inhibitor of mitochondrial oxidative phosphorylation. Incubation of hepatocytes with amino acids activated p70S6K via multiple phosphorylation. It also activated ACC by a phosphatase-dependent mechanism but did not modify AMPK activation. Conversely, the amino-acid-induced activation of both ACC and p70S6K was blocked or reversed when AMPK was activated. This AMPK activation increased Ser79 phosphorylation in ACC but decreased Thr389 phosphorylation in p70S6K. Protein phosphatase inhibitors prevented p70S6K activation when added prior to the incubation with amino acids, whereas they enhanced p70S6K activation when added after the preincubation with amino acids. It is concluded that (a) AMPK blocks amino-acid-induced activation of ACC and p70S6K, directly by phosphorylating Ser79 in ACC, and indirectly by inhibiting p70S6K phosphorylation, and (b) both activation and inhibition of protein phosphatases are involved in the activation of p70S6K by amino acids. p70S6K adds to an increasing list of targets of AMPK in agreement with the inhibition of energy-consuming biosynthetic pathways.